We search for the rare decay D + → D 0 e + νe, using a data set with an integrated luminosity of 2.93 fb −1 collected at √ s = 3.773 GeV with the BESIII detector operating at the BEPCII storage rings. No signals are observed. We set the upper limit on the branching fraction for D + → D 0 e + νe to be 1.0 × 10 −4 at the 90% confidence level.
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I. INTRODUCTION
Experimental study of the rare decay D + → D 0 e + ν e is useful to test standard model predictions [1] [2] [3] [4] [5] . In the semileptonic decay process D + → D 0 e + ν e , the heavy quark flavor (c) remains unchanged, and the weak decay proceeds within the light quark sectors. In the limit of flavor SU(3) symmetry of the light quarks, the matrix elements of the weak current can be constrained and the form factors describing the strong interaction in this decay can be obtained. Hence, the decay rate of D + → D 0 e + ν e is predicted to be about 2.78 × 10 −13 [6] . The experimental potential on this decay at BESIII is discussed in Ref. [6] based on the threshold production of D + D − pairs at the ψ(3770) peak. The reference suggests to search for a neutral D meson in the decay of D + when the other D − in the event is reconstructed with six tag modes of
Here, the positron e + is not required to be reconstructed, since it is very soft in the BESIII detector.
In this paper, the search for D + → D 0 e + ν e is carried out using a data set with integrated luminosity of 2.93 fb −1 [7] collected at the center-of-mass energy √ s = 3.773 GeV with the BESIII detector. At this energy, D + D − pairs are produced without any additional hadrons. In the analysis, the D 0 is reconstructed through the three decay modes
− is reconstructed using the six modes as suggested in Ref. [6] . Throughout the paper, chargeconjugate modes are implicitly assumed, unless otherwise noted.
The structure of this paper is as follows. In Sec. II, the BESIII detector and Monte Carlo (MC) simulations are described. In Sec. III, the event selection and the determination of the upper limit on the branching fraction for D + → D 0 e + ν e are described. Sec. IV describes the systematic uncertainties in the measurement. A short summary of the result is given in Sec. V.
II. BESIII DETECTOR AND MC SAMPLES
The BESIII detector is described in detail elsewhere [8] . It has an effective geometrical acceptance of 93% of 4π. It consists of a small-cell, helium-based (40% He, 60% C 3 H 8 ) main drift chamber (MDC), a plastic scintillator time-of-flight system (TOF), a CsI(Tl) electromagnetic calorimeter (EMC) and a muon system containing resistive plate chambers in the iron return yoke of the 1 T superconducting solenoid. The momentum resolution for charged tracks is 0.5% at 1 GeV/c. The photon energy resolution at 1 GeV is 2.5% in the barrel and 5% in the endcaps.
A GEANT4-based [9, 10] MC simulation software BOOST [11] , which includes the geometric description and a simulation of the response of the detector, is used to determine the detection efficiency and to estimate the potential backgrounds. An 'inclusive' MC sample, which includes generic ψ(3770) decays, initial state radiation (ISR) production of ψ(3686) and J/ψ, QED (e + e − → e + e − , µ + µ − , τ + τ − ) and(q = u, d, s) continuum process, is produced at √ s = 3.773 GeV with more than 10 times statistics of data. The MC events of ψ(3770) decays are produced by a combination of the MC generators KKMC [12] and PHOTOS [13] , in which the effects of ISR [14] , final state radiation (FSR) and beam energy spread are considered. The known decays modes are generated using EvtGen [15] with the branching fractions taken from the Particle Data Group (PDG) [16] . The remaining unknown decay modes of the charmoinum states are generated using LundCharm [17] . The signal MC samples include a D − decaying into the six tag modes and a D + decaying into D 0 e + ν e , where the D 0 decays into three specific reconstruction modes.
III. EVENT SELECTION AND DATA ANALYSIS
Charged tracks are required to be well measured and to satisfy criteria based on the track fit quality; the angular range is restricted to | cos θ| < 0.93, where θ is the polar angle with respect to the direction of the positron beam. Tracks (except for those from K 0 S decays) are also required to have a point of closest approach to the interaction point (IP) satisfying |V z | < 10 cm in the beam direction and |V r | < 1 cm in the plane perpendicular to the beam direction. Information from the dE/dx in the MDC and the flight time obtained from the TOF is used to identify charged kaons and pions: for each hypothesis i, a probability P(i) is derived, and the probability is required to be P(K) > P(π), P(K) > 0.001 for kaons and vice-versa for pions. As suggested in Ref. [6] , positrons are not reconstructed since their momentum in the decay D + → D 0 e + ν e is less than 5 MeV/c. Electromagnetic showers are reconstructed by clustering hits in the EMC crystals, and the energy resolution is improved by including the energy deposited in nearby TOF counters. To identify photon candidates, showers must have minimum energies of 25 MeV in the barrel (| cos θ| < 0.80) or 50 MeV in the endcap (0.86 < | cos θ| < 0.92). The angle between the shower direction and all track extrapolations to the EMC must be larger than 10
• . The time information from the EMC is also required to be in the range 0-700 ns to suppress electronic noise and energy deposits unrelated to the event. The π 0 candidates are selected by requiring the diphoton invariant mass to be within M γγ ∈ (0.110, 0.155) GeV/c 2 . Candidates with both photons being detected in the endcap regions are rejected due to poor resolution. To improve resolution and reduce background, the invariant mass of each photon pair is constrained to the nominal π 0 mass by one-constraint (1C) kinematic fit with the requirement χ 
The single tag (ST) D − candidate events are selected by reconstructing a D − in the following hadronic final states:
To identify the reconstructed D − candidates in the tag modes, we use two variables: the beam energy constrained mass, M BC , and the energy difference, ∆E, which are defined as [18] .
To obtain the ST yields, we fit the M BC distributions of the accepted D − candidates, as shown in Fig. 1 . The signal shape is modeled by a MC-determined shape convoluted with a Gaussian function. The signal 
Data are shown as points, the blue solid lines are the total fits, the green dashed lines are the background shapes, and the red dotted lines are the signal shapes.
line shape includes the effects of beam energy spread, ISR, the ψ(3770) line shape, and detector resolution. Combinatorial background is modeled by an ARGUS function [19] . The tag efficiency is studied using inclusive MC samples following the same procedure. The ∆E requirements, ST yields in data and the corresponding ST efficiencies are listed in Table I With the DT technique, the continuum background To obtain reliable event selection criteria and improve the ratio of signal over background, an optimization is performed using the inclusive MC samples, in which the branching fraction of this rare decay is set to be 10 −6 that is predicted in Ref. [6] . The background yields from the inclusive MC samples are obtained from two-dimensional ( BC is modeled using a MC-determined shape and the background shape is modeled with an ARGUS function [19] ; the signal shape of
Inv. is modeled using a Gaussian function and the background shape is modeled with a polynomial function. Based on the optimization, the probability is required to be larger than 0.37, 0.34, and 0.54 for the signal modes Table II . 2D fits are performed on the accepted events for each signal mode in data, as shown in Fig. 2 . We obtain the fit yields N obs. data to be 0.2±2.8, 5.9±2.9, and 10.0±4.3 for the signal modes
In the fit, the analogous functions as those fits to the inclusive MC sample are imposed. To consider the detector resolution difference between data and MC simulation, the M 
19.43 ± 0.13 11.69 ± 0.10 6.39 ± 0.08 
The dots with error bars are data, the red solid lines show the fit results, the black dashed lines represent the signal shapes, and the blue dotted lines represent total background shapes.
The expected signal yield in a specific signal mode (N i sig ) can be expressed as
where i = 0, 1, 2, represent the signal modes
represents the total ST yield in data; ǫ i represents the efficiency of reconstructing D + → D 0 e + ν e for the signal mode i, which is weighted by the ST yields; B i represents the quoted branching fraction of
The expected signal yield can also be expressed as
where N obs.i data represents the number of events from the 2D fit in data, N i bkg represents the expected background event number estimated by fitting the inclusive MC sample.
Since there is no obvious signal observed in data, an upper limit on the branching fraction of D + → D 0 e + ν e is determined. For each signal mode, the likelihood value is obtained by treating B D + as a free parameter in the Eq. (2) . The resulting likelihood function is labeled as L i . To combine the three D 0 signal modes, a joint likelihood function is constructed by L com = L 1 ×L 2 ×L 3 . Based on the Bayesian method, the upper limit on the branching fraction for D + → D 0 e + ν e is determined to be B(D + → D 0 e + ν e ) < 9.0 × 10 −5 at the 90% confidence level, by integrating L com from 0 up to 90% of the area in the physical region.
IV. SYSTEMATIC UNCERTAINTIES
The sources of systematic uncertainty considered in the determination of the upper limit on B(D + → D 0 e + ν e ) are listed in Table III and described below.
• Signal side: The systematic uncertainties in the ST selection cancel. Concerning the signal side, the systematic uncertainties in the tracking and PID efficiencies, π 0 reconstruction efficiency, as well as the quoted branching fractions are assigned relative to the measured branching fraction.
-Tracking and PID efficiency: The tracking and PID efficiencies of K + and π + are investigated by using DT DD hadronic events. The difference of the tracking and PID efficiencies between data and MC simulation is assigned as 1% per track, individually.
-π 0 reconstruction: The π 0 reconstruction efficiency is studied by examining the DT hadronic decays
The difference of the π 0 reconstruction efficiency between data and MC simulation is estimated to be 2% per π 0 .
-Quoted branching fractions: The uncertainties of the quoted branching fractions are 1.0%, 2.9%, and 5.6% for [16] .
The quadratic sums of the systematic uncertainties from Signal side are 3.0%, 6.4%, and 6.6% for
The combined uncertainty on the branching fraction from Signal side is estimated by convoluting the likelihood distribution with a Gaussian function representing the systematic uncertainty, and the relative change of the upper limit on B(D + → D 0 e + ν e ), 3.3%, is taken as a systematic uncertainty.
• Background estimation: The systematic uncertainty associated with the background estimation is studied by changing the background yield N i bkg by 1 standard deviation. The relative change of the upper limit on B(D + → D 0 e + ν e ), 13.3%, is taken as a systematic uncertainty.
• MC statistics: Detailed studies show that the upper limit on B(D + → D 0 e + ν e ) is insensitive to the uncertainties due to the limited MC statistics (0.5%). So, they are negligible in this analysis.
• M BC fit (ST): The systematic uncertainty associated with the ST yields extracted by fitting M BC distribution is estimated to be 0.5% by varying the fit range, signal shape and endpoint of the ARGUS function. The variation of the upper limit on B(D + → D 0 e + ν e ) arising from different M BC fits is found to be negligible.
• Probability requirement: The systematic uncertainty in the probability requirement is investigated by changing the requirement by ±0.01. The effect on the upper limit of B(D + → D 0 e + ν e ), 2.3%, is taken as a systematic uncertainty.
• 2D fit: The systematic uncertainty of the 2D fit to the DT candidates is investigated by varying the parameters of the smeared Gaussian functions by 1 standard deviation. The impact on the upper limit of B(D + → D 0 e + ν e ), 2.5%, is taken as a systematic uncertainty.
Assuming that all systematic uncertainties are independent, we add them in quadrature and obtain a total systematic uncertainty of 14.4%
The final upper limit on B(D + → D 0 e + ν e ) is determined by incorporating the systematic uncertainty. Here, the systematic uncertainty is considered by convoluting the likelihood distribution with a Gaussian function with a relative width of 14.4%. The resulting upper limit on B(D + → D 0 e + ν e ) is estimated to be 1.0 × 10 −4 at the 90% confidence level.
V. SUMMARY
In summary, we perform a search for the rare decay D + → D 0 e + ν e , using 2.93 fb −1 data taken at √ s = 3.773 GeV with the BESIII detector operating at the BEPCII collider. A double tag method is used, without at the 90% confidence level. Due to the limited data sample, the measured upper limit is far above the theoretical prediction by Ref. [6] . As the first search for the D + → D 0 e + ν e , however, it provides complementary experimental information for the understanding of the SU(3) flavor symmetry in D decays [20] and the standard model predictions for rare semileptonic decays.
